A distorted wave theory is developed for three nucleon stripping reactions, which takes account of the antisymmetrization of the nuclear wave functions, the exchange character and the finite range of the effective forces, responsible for the reaction. The evaluation of the transition amplitude involves two steps; the construction of the spectroscopic factors which characterize the involved nuclear states and the calculation of the stripping integrals which depend on the dynamics of the reaction. Expressions for the spectroscopic factors are given for the case when the nuclear wave functions are expressed by the shell model with three nucleons captured in similar or different shells. The stripping integrals are put in a simple form, similar to that used in the zero-range of (d, p) reactions with the help of the local energy approximation and the generalized Talmi transformation. § 1. Introduction
The stripping mechanism successfully explains the main features of the angular distribution of (d, p) and (d, n) reactions where a single nucleon is transferred to the target nucleus. Similarly, the experimental data on twonucleon transfer reactions were found to show the observed characteristic behaviour of the direct reactions, which leads to the suggestion that, these reactions may also proceed via the stripping mechanism.
>
An attempt to apply the stripping picture to the three-nucleon stripping reactions such as (a, p) reactions 2 > satisfactorily predicted the experimental angular distribution for many reactions.
In a previous work (referred to as I), El-Nadi and Sherif 3 > presented a plane wave Born approximation treatment of three-nucleon stripping reactions. However, the plane wave theory does not account for the shape of the angular distribution at angles larger than the stripping peak and does not give the right value for the magnitude of the cross-section. Better results were obtained by the distorted wave Born approximation 4 >' 5 reactions. In ~ 2, the transition amplitude is derived in the IJWBA; and is expressed, as a sum over the product of two factors : the spectroscopic factor and the stripping integral. Section 3 is devoted to the study of the spectroscopic factors assuming that the nuclear wave functions are given by the shell model. In the course of calculation the antisymmetrization of the nucleons in different shells in the target and residual nuclei is taken into account and the spurious centre-of-mass motion of the nuclear systems is eliminated. 7 
Section 4 involves the calculation of the stripping integrals. ]'he nucleon-nucleon forces are taken with finite range and with general exchange character. The selection rules of the three nucleon stripping reaction are also discussed. § 2. The transition amplitude
The transition amplitude for the reaction T(a, 0) R is given in the DWBA,
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) where and r 1 , r 2 , r 3 , p, R 1 and R~ are shown in the figure. Where 0 refers to the t · 1 " "
nd "' are the internal wave functions of ou go1ng nuc eon, •fJsR~"uturw {Jsr'" 7 ,trrr a .. 'f/a c. the residual nucleus, the target nucleus and the aparticle respectively, with the quantum numbers s, 11, t and r indicating spins, spin-projections, iso-spins and iso-spin projections respectively. The functions /~;;<-) and JH<-I-) describe the relative motion in the final and initial channels with incoming and outgoing boundary conditions. The X functions are the spin and iso-spin wave functions. The variable r i j is the displacement hetween the centre of mass of the particle i from that of the particle j. The wave functions of the residual nucleus, the target nucleus, and the a-particle are antisymmetric wave functions. The operator P function and that of the outgoing nucleus, it gives a normalized antisymmetric wave functions for the system composed of (T+ 4) nucleons. Thus pTa operates on an antisymmetric function, and therefore, its effect is to multiply the function by a factor equal to the number of permutations. Thus, Eq. (2 ·1) may be rewritten as
Consequently, the transition amplitude of Eq. (2 · 3) can be divided into two parts. The first is the direct stripping term in which the outgoing nucleon originated from the projectile and corresponds to the permutations between the outgoing nucleon and the three nucleons transferred from the projectile to the target nucleus. The residual permutations correspond to terms in which the outgoing nucleon originated from the target nucleus. These terms are responsible for the exchange stripping reactions and are discussed by Owen and Madansky,
) and others. In this paper we consider only the direct stripping term. In this case, the DWBA transition amplitude IS
We assume that, there is a considerable cancelation between Vro and U and hence, the term VTo-U will be neglected. We note that this cancelation is not complete, since the interaction VTo has off-diagonal matrix elements which may leads. to the excitation of the target nucleus/ 2 )' 13 ) ' 14 ) during the transition. Since the wave functions of the residual nucleus and the incident particle are antisymmetric wave functions, then the contributions from the three potentials Vio to the reaction amplitude are equal. Hence the transition amplitude (2 · 4) becomes
In the transition amplitude (2 · 5), the integration over the internal coordinates of the target nucleus yields a function characterizing the internal motion of the three captured nucleons. We expand this wave function in terms of the complete orthonormal set of the wave functions of the internal motion. The expansion coefficients in this series m.easure the extent to which the residual nucleus R in the state in which it is formed by reaction, has its parent state the target nucleus in its ground state plus three nucleons in a given state r.
One may call these coefficients the spectroscopic factors in analogy with the theory of· deuteron stripping reaction. 15 ) Thus one may write
where ( where
The rnany-nucleon reduced widths were calculated by Sn1irnov and Chlebowska16) considering the cluster structure of nuclei. Honda et al., 17 ) have also calculated the three nucleon spectroscopic factor in their consideration of some cluster transfer reactions (considering the three nucleons as a cluster).
In this section we calculate the spectroscopic factors Y 7 (sRtR; sTtT, jt) appearing in the' expression (2 · 7). The shell model wave functions will be adopted for the description of the states of the target and residual nuclei involved in the reaction, using the harmonic oscillator wave function for the description of singleparticle motion, and writing the nuclear wave functions in the j-j coupling scheme. The generalization of the treatment to other coupling schemes is straight forward.
.!1. Y. Jlbul-Magd, 1\1. El-Nadi and A1. A. k~'haraf
The nuclear wave functions appearing in the expression (2 · 5) for the transition amplitude are the intrinsic wave functions which describe the internal states of the target and residual nuclei. These functions can be obtained from the shell model wave functions by removing the parts that describe the centreof-mass motion, 7 > which appear as a result of using the harmonic oscillator functions. Since the shell model potential has no effect on the centre-of-mass motion, one may assume that the centre-of-mass motion is in its ground state.
In this case, the shell model function of a nucleus of mass number (T + 3) will have the form The coefficients f1 are the generalized coefficients of fractional parentage, derived in Appendix A, and ~P is an operator permuting the three nucleons and the (N-3) nucleons so that the product of their functions yields an antisymmetric N-nucleon wave function.
Using the same procedure developed in I, we transform the coupling scheme to L-S limit and by using the Talmi transformation procedure one obtains for with that which describes the centre-of-mass motion of the T nucleus appearing 1n (3 ·lb), we have ¢~~·t(T)¢Nur(R 1 )=~J
The intrinsic wave function of (T+ 3) nucleons may be obtained from where Y 7 (sntR; Sz"tz", jt) is the spectroscopic factor, given by
.£ s J! and <jJ7j~'lr (3) is the internal wave function of the three nucleons :
(3 ·8) § 4. The stripping integral
In this section, we calculate the stripping integral, given by Eq. (2 · 8), As was mentioned above the wave functions of the single particle motion of boun.d nucleons are oscillator wave function with extension parameter b; I-Cf +-3)/~fT b respectively. On the other hand, the main contribution to the stripping integral comes from the external region, where the asymptotic behaviour of the oscillator wave function is not correct. vVe recommend, thus, the use of the approximation, suggested previously in the study of two nucleon stripping processes, 21 l that the funcLon </JNLJ>I (R) be replaced by a function corresponding to a more realistic potential, say, the Woods-Saxon potential. Now, let us take the wave function of the a-particle as ( 4· 2) and the nucleon-nucleon interaction as (4 ·6)
The integration over r gives in (a, jJ) and (a, n) reactions should be in a relative s-state. That is the three nucleon stripping reaction, are more selective than the two nucleon stripping reactions, when~ the captured pair is in a relative even state (not necessarily s-state) and this is valid if the nuclear forces were spin and iso-spin independent.
22 l The technique of the exact calculations of six dimensional integrals of the type ( 4 · 9) is g1ven by A us tern et al_4l Since this technique is very complicated, one may be tempted to use the local energy approximation. where q=tK -k and
Here Q (R) is the local momentum transfer defined as
where Ua and U a are the optical model potentials describing the relative motion in the final and initial channels and U is the potential which determines the function </Jn~jw. f} = Ea-E-Eo where Eo and Ea are the kinetic energy in the final and initial channels and E is the eigen-values of the Schroedinger equation with the eigen-function </JnLM· Using expressions (2 · 7), (2 · 8) and ( 4 · 5), one finds finally, the following expression for the differential cross-section :
where cp 1s given by l + [
The following selection rules may be deduced for the three nucleon strippmg process. i) From the transformation properties of the Talmi coefficients one may obtain the following rules :
and l1 +l2=J. 1 +A,=A. On the other hand, from Eq. ( 4 · 7), v must be equal to zero, therefore, Eqs.
(5·1), (5·2) and (5·3) give
Moreover, from the Racah-coefficients appearing in Eq. (3 · 7), one finds that l=F and g=J:.
ii) The parity conservation required that nin 1 = ( -l)Zr+Z!d·Z"= ( -l)l+L. It may be observed that, in the above treatment, the three nucleons are assumed to move independently in the residual nucleus. If however, one treats the reaction as a sort of cluster stripping 24 > then the three captured nucleons in the residual nucleus would be in the same relat~ve state in which they were in the projectile. The reason for this is that, the stripping interaction Vco in Th:s wave function may be expande:::d in terms of the wave function of (1V-3) nucleons and the wave function of the three nucleons. The expansion can be made by using the ordinary coefficients of fractional parentage, 18 l s1nce
we are separating the three-nucleons wave function from a wave function of N nucleons occupying the same shell. Hence one may write 
L..J ttt zt 1f~Vz ~~·~.2~Jl:nl:P.rzJ . 1Jlz/L.d1rrrrlr2rlzrz x Ct1 r1, 't;rzlt?) (t;~r~2, t/ r / llr)
The permutation operator P can he factorized as a product of three operators
PJ:
2 , P/ and !::P. The operator P/: permutates the (N 1 ----2) nucleons in the shell (n1l1j 1 ) with' the CV 2 -1) nucleo~1s in (n 2 Z 2 j 2 ), .P 2 1 permutates the two nucleons in the shell (n 1 l 1 j 1 ) with that in (n 2 l 2 j 2 ) and .P permutates the three nucleons as a whole with the (N --3) nucleons to form the total antisymmetric states of N nucleons. Now we introduce the functions ¢Y~;ir + </JnlZlrnl (r2) ¢n212m2 (rs) ¢n3l.lrn3 (rl) Xs" o·" (s2s3 (s') sl) Xt-r (t2t3 (t') tl) -¢nlllml (rl) ¢n2l2rn2 (rs) ¢n313m3 (r2) Xs" a 0 (sls3 (s') Sz) Xt-r (tlt3 (t') t2) + ¢n1Zlml (rs) ¢n2l2rn2 (rl) ¢n3Z3rng (rz) Xs"o-" (sssl (s') s2) Xtr: (tstl (t') t2) -</Jn 1 z 1 rn 1 (rs) </Jn 2 z 2 m 2 (r2) ¢n.hm 3 (rl) Xs''o-" (sss2 (s') s1) Xt-r (tst2 (t') t1)].
(B·1)
Now if one change the coupling in such a way that, the angular momentum of the nucleons (1) and (2) couple together, and then uses the Talmi transformation procedure, Eq. (B ·1) becomes
